In order to develop a surgical protocol for use in clinical trials of striatal transplantation in Huntington's disease (HD), the issues involved in the preparation and implantation of the embryonic striatal tissue must be addressed. Rodent models of HD offer the best experimental paradigm with which to study various aspects of striatal transplantation. In this article we present the results of an investigation of the role of trypsin and the process of trituration in the preparation of cell suspensions compared to the use of solid pieces of tissue. The embryonic material was derived from the lateral ganglionic eminence (LGE) and im planted into the excitotoxically lesioned striatum of the host rats. Twelve weeks following implantation, retrograde tracing of projections from the graft to the globus pallidus was performed. Grafts derived from cell suspensions triturated in the presence of trypsin contained larger quantities of striatal tissue within the graft and more DARPP-32-positive medium spiny neurons than grafts implanted as fragments of tissue. Afferent and efferent connectivity was also better in the trypsinized suspension graft group. Modest recovery in paw reaching was observed contralateral to the grafted side in animals implanted with solid fragments of embryonic striatal tissue. No relationship was observed between functional effect and the graft anatomy. These results suggest that local graft-host interaction may also be involved in graft-mediated functional recovery.
INTRODUCTION
Both tissue fragments and cell suspensions are now being used in clinical transplantation in patients with Parkinson's disease. Although there are strong opinions in favor of each approach, no advantage of one tech nique over the other has been demonstrated experimen tally or clinically [for reviews see Widner (44) and
Hauser et al. (22) ]. Postmortem histology of one patient with a solid nigral graft revealed good survival of en grafted cells (27) while in vivo PET scanning revealed surviving cell suspension grafts in others (28) . In con trast, current clinical programs of striatal transplantation utilize solid grafting techniques [ (25, 26) , Dr. M. Pesch anski, personal communication].
The use of the lateral ganglionic eminence (LGE) as the principle source of embryonic neural tissue for intra striatal striatal transplants in animal models of Hunting ton's disease (HD) is becoming increasingly widespread.
The rationale for the use of this tissue is that this part of the ganglionic eminence gives rise to the striatal precur sors, which then migrate into other parts of the develop ing striatum (11, 35, 39) . These cells are born around day [13] [14] of gestation in the rat. Use of LGE tissue from this donor age has led to a significant increase in the relative proportion of the total volume of striatum-like tissue within striatal grafts of up to 80-90% (34, 35) .
However, use of LGE-derived tissue from both rodent and human embryos does not always give rise to grafts with large quantities of striatal tissue (18, 34, 42) . One possible explanation for this problem may be deficien cies in the method of tissue preparation. Grafts derived from cell suspensions of whole ganglionic eminence WGE tissue prepared without an enzymatic digestion process have been shown to be smaller and contain less striatum-like tissue within the grafts (15) . However, the donor age for these experiments was 16 days gestation (CRL 16 mm), which is at the upper end of the accepted donor age range.
Functional recovery in a paw-reaching task has been demonstrated in several studies in both rodents and pri mate models of HD (13, 17, 24, 31, 32) . Good correlation between recovery and the volume, placement, or speci ficity of striatum-like tissue within the graft was ob tained in these studies.
Various parameters including donor age and embry onic dissection have been shown to influence the quan tity of functionally relevant striatal tissue within the grafts (16, 17, 34, 35) . Moreover the use of solid versus cell suspension grafts has been argued to yield better survival of dopamine cells in nigral grafts (10, 41) . How ever, whether this parameter would yield better cell sur vival in striatal grafts has not been explored. Therefore, in an effort to produce more consistent yields of striatal tissue within the grafts, this study sought to determine the effect of trituration on the morphology and connec tivity of striatal grafts by means of a direct comparison of solid and suspension grafts of LGE tissue. The study further sought to compare the functional effects of grafts prepared by these alternative methods.
METHODS

Experimental Design
A total of 40 young adult female Sprague-Dawley rats (Charles River), each weighing approximately 200 g at the start of the experiment, were housed in group cages in a natural light-dark cycle with free access to food and water throughout. The rats received unilateral quinolinic acid lesions of the striatum. Seven days after lesioning the rats all received intrastriatal implants of embryonic neural tissue derived from the LGE. The ani mals were placed into four groups. Three groups re ceived intrastriatal grafts of tissue prepared as: 1) a sus pension triturated after prior incubation with trypsin (Trypsin; n= 10); 2) triturated with no prior incubation with trypsin (No Trypsin; n = 10); and 3) as tissue pieces (Pieces; n = 10). The fourth group was lesion-only con trols (Lesion; n = 10). Rotation and paw-reaching stud ies were performed over a 6-month period posttransplan tation. On completion of the behavioral studies a retrograde tracer, fluorogold, was injected stereotactically into the globus pallidus in all animals, which were sacrificed 7 days later and the brains processed for his tology.
Lesions
All animals were anesthetized using 2% halothane in 
Drug-Induced Rotation
Unilateral lesions of the striatum allow the quantifi cation of a circling bias in response to the stimulant drug amphetamine, which acts presynaptically to stimulate the release of dopamine. The ^-amphetamine isoform was used in these experiments due to its lower toxicity compared to met-amphetamine. It was administered at a dose of 2.5 mg/kg, IP, in 0.9% saline. The animals were then "placed in automated rotometer bowls after Ungerstead and Arbuthnott (38) . The total number of rota tions in ipsilateral and contralateral directions was col lected over a test period of 90 min, from which the net bias to left or right was determined.
Paw Reaching
Independent skilled forelimb use in lesioned and grafted animals was analyzed using the "staircase" test (1, 30) . The apparatus consists of a perspex box with a small clear perspex platform at the front. On each side of the platform a series of 8 steps descends to the floor of the chamber. Each step has a well in it in which were placed two 45-mg food pellets (PJ Noyes Company Inc.,
Lancaster, UK). The apparatus is designed so that re trieval from any well below the first can only be achieved using the ipsilateral paw.
Testing took place 3 and 6 months after surgery.
Each animal was trained to retrieve these food pellets by reaching with its forepaws. Prior to testing each ani mal was placed on a food deprivation regime of 10-12 g of chow per animal per day sufficient to maintain body weight at 90% of normal. Feeding took place on com pletion of testing so that the animals were maximally hungry at the start of the next test and therefore highly motivated in the retrieval task.
After 2 days as an initial period of familiarization and training, in which wells were overfilled with food pel lets, the number of pellets was reduced to two per well.
The animals were left in the chamber for a test period of 10 min after which they were returned to their home cages. At 3 months daily tests were performed until per formance plateaued while at 6 months daily tests were performed for 10 days. The number of pellets retrieved with each paw was determined from the number of pel lets remaining on each side.
Fluorogold Injections
Efferent projections to the globus pallidus were deter mined using the retrograde tracer fluorogold (FG) (5% FG in 0.9% saline) injected stereotactically under halo-thane anesthesia. The tracer was injected manually at the following coordinates: A = -0.9 mm, L = -3.0 mm and V = -6.0 mm with the incisor bar set at -3.3 mm below the interaural line. Infusions of 0.2 ul were made over 5 min after the cannula had been lowered into position and left for 5 min. When the injection was complete the cannula was left in position for a further 10 min to allow the tracer to disperse before the cannula was withdrawn.
Histological Processing
Seven days after injection of the tracer the animals were sacrificed for histological processing. Under termi nal anesthesia with sodium pentobarbitone (Euthatal), each rat was perfused transcardially with 0.1 M PBS for The total number of DARPP-32 cells and FG-positive cells in the LGE grafts was determined stereologically (Olympus, Denmark), after the method of Gundersen (20, 21) .
Statistical Analysis
The main effects of the method of tissue preparation were analyzed using analysis of variance. Post hoc com parison between groups was performed using the New man-Keuls test for multiple comparisons between groups and Dunnett's test to compare behavior in grafted animals with lesion-only controls. All analysis was performed using SigmaStat 2.0 (Jandel Scientific).
RESULTS
The striatal lesions were similar to those described elsewhere (37, 40) . Efferent FG-positive projections to the globus pallidus were identified from grafts in each group and corres ponded closely with areas of AChE positivity (Fig. 3) .
The FG cells within the patches were densely clustered together but distributed evenly throughout the whole patch. This observation was replicated in each group.
Additionally, in grafts of trypsinized cell suspensions, FG-positive cells were also found to be more diffusely distributed, further reflecting the more diffuse presence of striatum-like tissue in this group.
Analysis of the Grafts
The gross histological appearance of grafts from each group corresponded closely with the quantification of graft morphology and connectivity.
The method of tissue preparation had a significant effect on the volume of the resultant grafts ( Fig. 4A) , 
Behavioral Recovery
The grafts had no effect on drug-induced rotation However, these anatomical and morphological advan tages of trypsinized cell suspension grafts did not trans late into functional advantage in the present experiment.
None of the graft groups revealed the clear-cut functional recovery that has been reported in previous studies on ei ther test. The one significant difference was an improve ment over lesion baseline in the grafts of tissue pieces.
The Role of Trituration and Trypsinization in the
Preparation of Cell Suspension Grafts and Comparison With Tissue Pieces
Embryonic neural tissue to be used as donor material for transplantation into the mature CNS should be ob tained when the cells of interest-in this case DARPP-32 striatal neurons-are at the peak of neurogenesis (5) .
The developing striatal DARPP-32 cells in the rat LGE are born between days 13 and 16 of gestation in the ventricular and subventricular zones of the ganglionic eminence (11, 14, 33) . One reason for the variability in the striatal proportion of LGE-derived grafts may be in the damage to the precursor cells during the trituration process. The smaller volume of striatal tissue within grafts derived from nontrypsinized tissue in this study tends to support this hypothesis.
The role of trypsin in the preparation of suspensions of striatal tissue has been investigated previously (15) .
Grafts derived from cell suspensions prepared without trypsin were smaller than those derived from trypsinized tissue. This study confirms that observation. Enzymatic digestion has previously been advocated with caution because certain cell populations such as noradrenergic A direct comparison of cell suspension grafts pre pared with trypsin and the use of tissue pieces has re vealed a greater volume and proportion of striatum-like tissue in the suspension grafts together with more striatal medium spiny neurons expressing DARPP-32 and con nectivity with appropriate pallidal targets. Thus, the presence of trypsin does not appear to interfere with the expression of neuronal phenotype. Rather, the damage caused by the trituration process is a more significant factor adversely influencing graft development that can be minimized with trypsinization (2, 15) . approximately 80% P-zones compared to 55% in the tis sue pieces group. However, functional recovery in the paw-reaching task has been effected with approximately 40% P-zones (16, 17) and 60% P-zones (32) .
In order for striatal grafts to exert an effect on motor and cognitive disturbances, it is reasonable to assume that some degree of reconstruction of damaged neural circuits involving the striatum is necessary (12 These functional effects did not seem to correspond with significant differences in graft anatomy or connec tivity. Correlation between volume of striatum-like ma terial, as revealed by AchE staining in the grafts, and improved paw reaching contralateral to the grafted side have been reported (17, 32) . Graft function has been sug gested to be under the influence of afferent dopaminer gic innervation (13) . In this study no such relationship was identified.
Variability of functional recovery in animal models of HD raises the question of the suitability of the quino linic acid model for behavioral studies. This issue has yet to be specifically addressed. Another factor is that of learning to use the graft. This has been investigated in a visual choice reaction time task (29) in which rats were trained to make rapid contralateral head turns in response to brief flashes of light. The animals then re ceived an excitotoxic striatal lesion and one group sub sequently received striatal grafts. Six months after sur gery the animals were retested over a 3-week period.
Initially all animals showed significant functional defi cits in the task but the grafted animals improved with training. These data suggest that with additional relevant experience the animals were able to utilized their grafts to a functionally significant extent. Further studies in volving a similar lateralized reaction time task have shown that striatal lesions produced profound ipsilateral response bias together with impaired speed and accuracy of contralateral responses (6, 7) . Subsequent studies in volving lesioned and grafted animals demonstrated sub stantial task relearning over a 30-day retraining period (8) . However, extensive retraining may be necessary to facilitate graft-mediated functional recovery, which does not appear to correlate with the quantity of striatum-like P-zone in the grafts (9) . This observation is in keeping with data from studies of functional recovery in a pri mate model of HD (24) .
CONCLUSIONS
This study suggests that some minor functional ad vantage may be gained by the use of grafts of solid tis sue pieces of LGE. However, the majority of clear func tional effects have been in studies utilizing grafts of WGE tissue (13, 15, 17, 31) with one report of LGE-mediated improvement of paw-reaching deficits (32) . 
